We performed a large, long-term cohort study to evaluate the association of renin-angiotensin-aldosterone system gene polymorphisms and baseline phenotypes to all-cause mortality among patients with angiographically confirmed coronary atherosclerosis. The study included 1075 subjects who underwent coronary angiography. Patients were genotyped for eight polymorphisms (rs4343, rs5186, rs5182, rs5049, rs5051, rs699, rs4762, and rs1799998), and their baseline plasma angiotensin II and aldosterone levels were measured. The interval between baseline and follow-up time-points ranged from 6.39 to 9.59 years. The results of multivariate regression analysis further indicated that high baseline angiotensin II levels (1.226 (1.024-1.468), p 5 0.027) were independently associated with all-cause death. Therefore, we found that an increased baseline plasma angiotensin II level was associated with higher long-term all-cause mortality, even after correcting for established cardiovascular risk factors.
A s a complex, multifactorial disease that is influenced by multiple pathophysiologic, genetic, and environmental factors, atherosclerotic cardiovascular disease (CVD) is a major health burden worldwide [1] [2] [3] . In addition to other well-recognized risk factors, the renin-angiotensin-aldosterone system (RAAS) has been implicated in the development of atherosclerosis and coronary heart disease 4 . The RAAS regulates blood pressure, the sodium and water balance, and cardiovascular and renal homeostasis 5 . More than a century of research on the RAAS has uncovered the widespread involvement of angiotensin II (Ang II) in the pathophysiology of CVDs. As the major effector peptide of the RAAS, Ang II crucially mediates the initiation and perpetuation of inflammatory diseases, most notably in atherogenesis 6 . Under pathophysiologic conditions, RAAS contributes to atherosclerotic development through both direct and indirect means (e.g., through the actions of the RAAS on other systems). RAAS genes have been extensively studied as candidate genes for atherosclerosis and coronary artery disease (CAD) [7] [8] [9] [10] . In a study in New Zealand, genetic variation within the RAAS was associated with cardiovascular risk factors and poorer survival 11 . We previously showed that the RAAS gene load and interactions between gene polymorphisms and environment risk factors were associated with an increased risk of CAD 12 . However, to date, the association of RAAS gene polymorphisms, phenotypes, and long-term mortality in subjects with CAD has not been reported. Therefore, we performed a prospective analysis to evaluate the impact of RAAS gene polymorphisms and phenotypes on the risk of all-cause mortality in a large cohort of Chinese patients referred for coronary angiography.
Results
Baseline characteristics. Table 1 shows the baseline demographic and clinical characteristics of the 1075 subjects (803 males) enrolled in the study. The median age (quartile range) was 63.00 (55.00-70.00) years. There were significant differences between male and female subjects for age (p 5 0.048), smoking status (p 5 0.048), drinking status (p , 0.001), systolic blood pressure (SBP, p 5 0.001), total cholesterol (TCH, p , 0.001), triglyceride (TG, p 5 0.009), fasting high-density lipoprotein cholesterol (HDL-c, p , 0.001), fasting low-density lipoprotein cholesterol (LDL-c, p , 0.001), and Gensini's Score (p , 0.001), but not for body mass index (BMI, p 5 0.456), diastolic blood pressure (DBP, p 5 0.467), fasting blood glucose (FBG, p 5 0.709), angiotensin II (p 5 0.496), aldosterone (p 5 0.304), or the genotype of the eight tested SNPs. Tables 2 and 3 show the baseline characteristics of subjects grouped by their angiotensin II or aldosterone level, respectively (with quartile values used as cutoff points). Significant differences in FBG (p 5 0.001) and Gensini's scores (p 5 0.002) were observed among subjects grouped by their angiotensin II level. The distribution of the rs5051 genotype differed between the angiotensin II groups (p 5 0.026); however, this finding was not statistically significant after Bonferroni correction for multiple testing. HDL-c (p 5 0.019) and angiotensin II (p 5 0.018) distributions were significantly different among subjects grouped by aldosterone level. This finding was not statistically significant after Bonferroni correction for multiple testing.
Association of RAAS SNPs with angiotensin II and aldosterone levels. Univariate and multivariate Cox proportional hazard analyses for all-cause mortality. The interval between baseline and follow-up ranged from 6.39 to 9.59 years. The median follow-up time was 7.74 years. Among the 1075 subjects, 117 subjects died during follow-up. Table 5 presents the univariate Cox proportional HRs (95% CIs) for all-cause mortality, according to the baseline characteristics of subjects. Patients in the high baseline age To explore which of these baseline variables were independent predictors of all-cause mortality, forward-conditional multivariate regression analyses were performed, with age, gender, smoking and drinking status, BMI, SBP, DBP, TCH, TG, FBG, HDL-c, LDL-c, Gensini's score, angiotensin II level, aldosterone level, and the genotype of 8 SNPs as covariates. The results of the multivariate regression analyses indicated that high baseline age (4.174 (3.024-5.763), p , 0.001), drinking status (1.681 (1.087-2.600), p 5 0.020), and angiotensin II levels (1.226 (1.024-1.468), p 5 0.027) were independently associated with all-cause death during follow-up (Table 6) . A 25% increase in angiotensin II level was related to a 23% higher risk of death during follow up, indicating that lower angiotensin II level was related to higher survival probability.
Discussion
We performed a hospital-based cohort study of consecutive adult Chinese subjects with angiographically confirmed coronary atherosclerosis. We found that an increased baseline plasma angiotensin II level was associated with higher long-term all-cause mortality, even after correcting for established cardiovascular risk factors. However, we did not find any significant association of RAAS gene polymorphisms with long-term all-cause mortality.
Clinical studies have demonstrated that the RAAS plays an important role in atherogenesis, associated with long-term mortality 13 . In the Intermountain Heart Collaborative study of 1165 patients with CAD ($70% stenosis on coronary angiogram), elevated baseline plasma renin activity was associated with cardiac morbidity and mortality in patients with CAD but normal left ventricular function and no previous myocardial infarction (MI) or heart failure 14 . Other studies found that the baseline plasma renin activity had a significant, independent, specific, and direct long-term association with CVD mortality in subjects with hypertension 15 and in patients referred for coronary angiography 16 . Plasma aldosterone levels have been associated with all-cause and cardiovascular mortality in high-risk cardiovascular populations. For example, in the SMART study, the plasma aldosterone level was independently associated with risks of major vascular events, vascular mortality, and atherosclerotic burden in patients with stable CAD 17 .
To the best of our knowledge, no published report has assessed the association of RAAS gene polymorphisms and phenotypes with long-term mortality in CAD subjects. In the present study, we observed a significant association of the baseline plasma angiotensin II level with long-term all-cause mortality in adult Chinese subjects with CAD, which was maintained after we had adjusted for established cardiovascular risk factors and RAAS gene polymorphisms. We did not find any significant association of RAAS gene polymorphisms with long-term all-cause mortality. In a 9-year followup study of Italian subjects who had experienced acute MI at a young age, polymorphisms in RAAS genes (ACE and CYP11B2) were found to be important in the onset of a first acute MI, but not in the long-term disease progression 18 . Our results are consistent with the results of that previous study, although larger collaborative studies are needed to confirm these findings. In addition, as the downstream product of Ang II, the plasma aldosterone concentration was not correlated with the plasma Ang II concentration or all-cause mortality in the present study. Thus, the mechanism underlying the phenomenon will require further study in the future.
Angiotensins are peptide hormones that are derived from the protein precursor angiotensinogen by the sequential actions of proteolytic enzymes. Angiotensin II critically affects the function of virtually all organs, including the heart, kidney, vasculature, and brain, possessing both beneficial and pathological effects. Acute stimulation with angiotensin II regulates salt/water homeostasis and vasoconstriction, modulating blood pressure, whereas chronic stimulation promotes hyperplasia and hypertrophy of the vascular smooth muscle cells. In addition, long-term exposure to angiotensin II plays a vital role in cardiac hypertrophy and remodeling, in-stent restenosis, reduced fibrinolysis, and renal fibrosis 19 . However, the exact biomolecular mechanisms that underlie the association of the angiotensin II level with long-term mortality in the present study remain unknown and will require further analysis.
The exploratory study discussed in this paper had some limitations. First, although the estimated statistical power based on the sample size was adequate, the sample size of the cohort study was limited. Prospective studies with larger sample sizes are needed to confirm our findings. Second, the status of patient treatment with angiotensin-converting enzyme inhibitor or angiotensin receptor blockers was not considered, although the angiotensin II and aldosterone levels can be reduced due to drug treatment. Finally, although the study was a prospective one, and vital status information for the subjects was continuously obtained from local person registries, the classification of death from CVD and non-CVD causes was not conducted.
The results of the present study show, for what we believe is the first time, that the baseline plasma angiotensin II level is associated with long-term all-cause mortality in Chinese subjects referred for coronary angiography, even after correcting for traditional cardiovascular risk factors and RAAS gene SNPs.
Methods
Study subjects. From 2004 to 2006, a total of 1089 consecutive subjects who underwent coronary angiography for suspected or known coronary atherosclerosis at the First Affiliated Hospital of Nanjing Medical University in China were enrolled in the study. The exclusion criteria for subjects have been described elsewhere 20 . In brief, subjects with spastic angina pectoris, infectious processes within the last 2 weeks, heart failure, adrenal dysfunction, or thyroid dysfunction were excluded. The study was approved by the ethics committee of the First Affiliated Hospital of Nanjing Medical University. All subjects gave their written informed consent before participation. And, the experiments in the study were performed in accordance with the approved guidelines and regulations.
For follow-up, information on vital status was continuously obtained from local person registries. Among the 1089 subjects, 14 subjects failed to have complete clinical follow-up data. Therefore, 1075 subjects formed the study cohort. The followup of the final cohort was completed in October, 2012.
Coronary angiography. Coronary arteries were cannulated by the Judkins technique 21 with 6F catheters. Angiography was recorded at 30 frames/s. The presence of stenosis of the coronary arteries was evaluated after the direct intracoronary injection of isosorbide dinitrate (ISDN; 2.5 mg/5 mL solution over 20 s). One minute after ISDN was injected through the Judkins catheter, coronary angiography was performed from several projections. The severity of coronary atherosclerosis was defined by Gensini's score system, which assumes that the severity of coronary heart disease is a consequence of the functional significance of the vascular narrowing and the extent of the area perfused by the involved vessel(s). In this scoring system, a greater reduction of the lumen diameter is assigned a higher score than a distal lesion 22 . Cigarette smoking and alcohol intake. The subjects' cigarette smoking and alcohol intake statuses were assessed with a standardized questionnaire. They were classified as ''never'' (smoking/drinking) or ''smoking/drinking''. The latter group included both former and current smokers or drinkers. Smoking was defined as smoking at least 1 cigarette per day within the last month. Drinking was defined as consuming at least 50 g/week of alcohol.
Anthropometric and laboratory measurements. Anthropometric measurements were performed after the patients had removed their shoes and upper garments and donned an examining gown. Each measurement was performed twice, and the average was used in the analysis. Height was measured to the nearest 0.1 cm with a wall-mounted stadiometer. Weight was measured to the nearest 0.1 kg with a hospital balance beam scale. Body mass index (BMI) was calculated as the weight (kg) divided by the square of height (m 2 ). Blood pressure was measured in the right arm with the participant seated and the arm bared. Three readings were recorded for each individual, and the average was recorded. The total cholesterol (TCH, mmol/L), triglyceride (TG, mmol/L), fasting blood glucose (FBG, mmol/L), and fasting highand low-density lipoprotein cholesterol (HDL-c and LDL-c, respectively; mmol/L) levels were determined by enzymatic procedures on an automated autoanalyzer (AU 2700 Olympus, 1st Chemical Ltd, Japan).
DNA genotyping. Eight single-nucleotide polymorphisms (SNPs) were selected for analysis, based on previous reports of their potential functionality, validated allele frequency, and sequence-proven allelic variation. Genomic DNA was extracted from blood by the saturated sodium chloride method 23, 24 . DNA fragments were amplified by polymerase chain reaction. The selection criterion used for the eight final SNPs was that these polymorphisms had been associated with cardiovascular disease in previous studies. Eight polymorphisms in four genes involved in the RAAS were selected as candidate loci: namely, G2350A (rs4343) in exon 17 of the angiotensin converting enzyme (ACE) gene 25 ; 1166A R C (rs5186) in the angiotensin II type 1 receptor (AGTR1) gene 26 ; 573C/T (rs5182) in the angiotensin II type 1 receptor (AGTR1) gene 27 ; G-217A (rs5049), G-6A (rs5051), M235T (rs699; T4072C), and T174M (rs4762; C3889T) of the angiotensinogen (AGT) gene 28 ; and -344C R T (rs1799998) in the aldosterone synthase (CYP11B2) gene 29 . TaqMan-MGB predesigned SNP assays (ABI, Applied Biosystems, Foster City, CA), were used to genotype the candidate loci. The genotyping procedure has been described in detail elsewhere 12 .
Measurement of angiotensin II and aldosterone. After an overnight fast, venous blood was sampled in the morning before coronary angiography, with the participants in the supine position for 5 to 10 min before phlebotomy. The plasma angiotensin II concentration was determined by a colorimetric immunoassay kit, which provides results in 3.5 hours (Enzo Life Sciences, Inc., Exeter, UK; cross reactivities: angiotensin II 100%, sensitivity: 4.6 pg/ml, range: 0.1-500,000 pg/mL). The plasma aldosterone concentration was determined by a colorimetric competitive enzyme immunoassay kit, which provides results approximately overnight (Enzo Life Sciences, Inc.; low reactivity with other steroids, sensitivity: 4.7 pg/mL, range: 3.9-250 pg/mL).
Power and statistical analyses. Prior to association analysis, power analyses were performed with the Power and Sample Size Calculation program (http://biostat.mc. vanderbilt.edu/wiki/Main/PowerSampleSize) 30, 31 . A Cox regression of the log hazard ratio on a covariate with a standard deviation (SD) of 1.5000 based on a sample of 117 observations achieves 84% power at a 0.05000 significance level to detect a regression coefficient equal to 0.1823.
For association studies, data were analyzed with the Statistics Package for Social Sciences (ver. 16.0; SPSS Incorporated, Chicago, IL, USA). Subjects were classified into four groups according to their angiotensin II and aldosterone levels. Quartile values were used as cutoff points, such that each group included an approximately equal number of patients. This approach was used to minimize any bias that may have been produced in the statistical analysis.
Normally distributed data, such as BMI, were presented as the mean 6 SD and compared with the independent-samples t-test or one-way analysis of variance (ANOVA). Skewed data, including age, systolic and diastolic blood pressures (SBP and DBP, respectively; mmHg), TCH, TG, FBG, fasting HDL-c and LDL-c, Gensini's Score, and angiotensin II and aldosterone levels were expressed as the median (quartile range) and compared by the Mann-Whitney U or Kruskal-Wallis H test. Categorical variables, including gender, smoking and drinking statuses, and genotype of the SNPs, were compared among groups of patients by chi-squared analysis. Hazard ratios (HRs) and 95% confidence intervals (CIs) for all-cause mortality were calculated with Cox proportional hazard analyses to estimate the relative risk of allcause mortality by baseline, demographic, and clinical characteristics. Continuous variables, including age, SBP, DBP, TCH, TG, FBG, fasting HDL-c and LDL-c, Gensini's Score, and angiotensin II and aldosterone levels, were grouped by quartile values for the Cox regression analysis. The dominant genetic model was chosen for the RAAS pathway based on previous studies. Differences were considered to be significant if the null hypothesis could be rejected with .95% confidence. All p-values are two-tailed. The overall, intra-group, and inter-group genetic diversity levels were calculated with a Bonferroni correction for all significance levels.
